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2.	 We	trained	machine	 learning	models	using	convolutional	neural	networks	with	 the	
ResNet-18	architecture	and	3,367,383	images	to	automatically	classify	wildlife	species	
from	camera	trap	images	obtained	from	five	states	across	the	United	States.	We	tested	










provide an r	 package	 (Machine	 Learning	 for	Wildlife	 Image	Classification)	 that	
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1  | INTRODUC TION











of	 studies.	 Recently,	machine	 learning	 has	 emerged	 as	 a	 potential	
solution	 for	 automatically	 classifying	 images	 from	 camera	 traps	





use	 for	 identification	 of	wildlife	 in	 their	 own	 camera	 trap	 images.	
Using	over	 three	million	 identified	 images	of	wildlife	 from	camera	
traps	 from	five	 locations	across	 the	United	States,	we	trained	and	
tested	 deep	 learning	 models	 that	 automatically	 classify	 wildlife.	
We	 provide	 an	 r	 package	 (Machine	 Learning	 for	 Wildlife	 Image	
Classification	 [MLWIC])	 that	 allows	 researchers	 to	 classify	 camera	
trap	images	from	North	America	or	train	their	own	machine	learning	
models	to	classify	images.














27	 species	 or	 groups	 (see	Table	1)	 across	 the	 study	 locations.	We	
present	 these	 images	 and	 their	 classifications	 for	 other	 scientists	
to	use	for	model	development	as	the	North	American	Camera	Trap	
Images	(NACTI)	dataset.	To	increase	processing	speed,	images	were	
resized	 to	 256	×	256	 pixels	 following	 the	 methods	 and	 using	 the	
Python	script	of	Norouzzadeh	et	al.	 (2018).	To	have	a	more	robust	





















vide	a	brief	 introduction	 in	a	supplement	 (Appendix	S2).	Following	
Norouzzadeh	 et	al.,	 we	 trained	 a	 deep	 convolutional	 neural	 net-
work	 (ResNet-	18)	 architecture	 (He,	 Zhang,	 Ren,	 &	 Sun,	 2016)	





reducing	 the	burden	of	manually	 analysing	 images.	Our	r	 package	makes	 these	
methods	accessible	to	ecologists.
K E Y W O R D S
artificial	intelligence,	camera	trap,	convolutional	neural	network,	deep	neural	networks,	image	
classification,	machine	learning,	r	package,	remote	sensing
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Moran,	a	high	performance	computing	cluster	(Advanced	Research	
Computing	Center,	 2012).	We	 used	 the	 ReLU	 activation	 function,	














To	evaluate	how	 the	model	would	perform	 for	 a	 completely	 new	
study	 site	 in	 North	 America,	 we	 used	 a	 dataset	 of	 5,900	 classi-
fied	 images	 of	 ungulates	 (moose,	 cattle,	 elk	 and	 wild	 pigs)	 from	
Saskatchewan,	 Canada,	 by	 running	 the	 trained	 model	 on	 these	
images.	 We	 also	 evaluated	 the	 ability	 of	 the	 model	 to	 operate	
on	 images	 with	 a	 completely	 different	 species	 community	 (from	
Tanzania)	to	determine	the	model’s	ability	to	correctly	classify	im-
ages	as	having	an	animal	or	being	empty	when	encountering	new	
species	 that	 it	 has	 not	 been	 trained	 to	 recognize.	 This	was	 done	
using	 3.2	million	 classified	 images	 from	 the	 Snapshot	 Serengeti	
dataset	(Swanson	et	al.,	2015).
3  | RESULTS
Our	model	 performed	well,	 achieving	 97.6%	 accuracy	 of	 identi-
fying	the	correct	species	with	the	top	guess.	The	top-	5	accuracy	
was	>99.9%.	Figure	1	provides	examples	of	image	classification	by	





trap	 images	 in	Norouzzadeh	et	al.	 (2018),	 and	a	general	 trend	 in	
deep	 learning	 (Goodfellow	et	al.,	 2016),	 species	 and	 groups	 that	































Answer from human classifiers: Wild pig Answer from human classifiers: Cattle
(a) (b)Correct classification by model Incorrect classification by model
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were	 ≥99.9%.	When	we	 subsetted	 the	 testing	 dataset	 by	 study	
site,	we	 found	 that	 site-	specific	 accuracies	 ranged	 from	 90%	 to	
99%	(Appendices	S3–S7).
When	 we	 conducted	 out-	of-	sample	 validation	 by	 using	 our	


















in	 classifying	 ungulates	 in	 an	 out-	of-	sample	 test	 of	 images	 from	
Canada.	 The	model	 can	 also	 be	 valuable	 for	 researchers	 studying	


















for	 facilitating	 cooperation	 amongst	 groups.	Camera	 trap	projects	
were	funded	by	the	U.S.	Department	of	Energy	under	award	#	DE-	
EM0004391	 to	 the	 University	 of	 Georgia	 Research	 Foundation;	
USDA	 Animal	 and	 Plant	 Health	 Inspection	 Service,	 National	
Wildlife	Research	Center	and	Center	for	Epidemiology	and	Animal	
Health;	Colorado	Parks	and	Wildlife;	Canadian	Natural	Science	and	
Engineering	 Research	 Council;	 University	 of	 Saskatchewan;	 and	
Idaho	Department	of	Game	and	Fish.
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authors	 contributed	critically	 to	drafts	and	gave	 final	 approval	 for	
submission.
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